Assessment Of RTAS

‘ Definition

e Renal tubular acidosis refers to an impaired acid-base metabolism by the kidney in the
setting of normal glomerular filtration. These conditions are characterized by a non-
elevated anion gap (hyperchloremic) metabolic acidosis.

e Kidney disease must be excluded as etiology of inappropriate acid-base metabolism.

e Chronic kidney disease (CKD) is associated with a non-elevated anion gap acidosis early in
its course due to decreased generation of NH3 and decreased medullary trapping of
NH4+.

e As CKD progresses, elevated anion gap acidosis tends to predominate as the kidney loses
the ability to excrete anions (phosphate, sulfate, urate, etc.).

e Note: in the setting of acidemia, the expected urine pH is between 4.5-5.0 as virtually no
HCO3 should be excreted.

Categories

e Type | RTA (distal)

o Etiology: Type | RTA represents a failure to secrete H+ in the distal nephron,
where urinary acidification takes place. This leads to metabolic acidosis with
higher than appropriate urine pH, as the body is unable to acidify the urine to
eliminate systemic acid.

o Causes
- Most common: in adult patients, urinary obstruction or Sjogren’s/SLE
- Primary (genetic)

- RA

- Myeloma

- Marked volume depletion

- Drugs

- Cyclosporine toxicity

- Amphotericin

- TMP/SMX can impair Na channels leading to a functional type | RTA.

o Features/diagnosis
- Serum HCO3 may be <10 mEqg/L as there is no way to excrete the acid load
and bicarbonate is depleted by buffering the excess serum acid.

- Urine pH > 5.5, reflecting defect in urinary acidification. If a small amount H+
is secreted, it will be buffered by NH3.
e Type Il RTA (proximal)



o Etiology: Type Il RTA represents a failure to reabsorb filtered bicarbonate in the
proximal tubule, causing substantial HCO3 wasting. Normally, reclamation of
80-90% of filtered HCO3 occurs in the proximal tubule; the distal nephron only
absorbs a modest amount of bicarbonate.

o Causes
- Most common: for adult patients, multiple myeloma or nucleotide analogues
(e.g., tenofovir), which causes a proximal tubule injury that manifests as
Fanconi syndrome.

- Primary (genetic)

- Acetazolamide

- Heavy metals (Pb, Cd, Hg, Cu, others)

- Inherited and acquired Fanconi syndrome: generalized proximal tubular
dysfunction with impaired ability to reabsorb one or more substrates that
normally should be reabsorbed (e.g., bicarbonate, potassium, low molecular
weight protein, glucose). It may be caused by any of the above etiologies.

o Features/Diagnosis
- Serum HCO3 levels are usually maintained between 12-20 mEqg/L. The serum
HCO3 level approximates the tubule’s absorptive capacity: as the serum HCO3
level drops, the filtered load of HCO3 into the proximal tubule will decrease to
the point that it can be fully reabsorbed.

- Urine pH can be variable, depending on the level of serum HCO3. Bicarbonate
administration may affect the urine pH, as described below.
- If enough HCO3 is given, it may raise serum HCO3 level enough to overwhelm
the reabsorptive capacity of the proximal tubule. This leads to HCO3 loss
(spillover) in the urine, raising urine pH > 5.5.
- If serum HCO3 remains low, all of the filtered HCO3 can be reabsorbed, and
there will be less HCO3 in the urine. Urine pH will be <5.3 due to normal H+
secretion by the functioning distal nephron.
- Look for accompanying electrolyte abnormalities in type Il RTA, like
hypokalemia, hypophosphatemia, and glucosuria.

e Type IV RTA- most common type of RTA in adults.

o Etiology: In Type IV RTA, aldosterone deficiency or resistance in the
intercalated and principal cells of the distal nephron leads to hyperkalemia and
impaired NH3/NH4+ production, thus causing metabolic acidosis.

o Causes
- Hypoaldosteronism-mediated
- Diabetic nephropathy (most common cause).

- Chronic interstitial nephropathy.

- Drugs (NSAIDS, heparin, ACEI/ARB, trimethoprim, calcineurin inhibitors).

- Addison's disease.

- Aldosterone-resistance mediated

- Sickle cell anemia (most common cause of aldosterone resistance).

- Urinary tract obstruction.

- Features/diagnosis

- Serum HCO3 usually > 15 mEq/L.

- Urine pH < 5.3. In contrast to type | RTA, there is insufficient NH3 production



in type IV RTA, leaving the few H+ produced to be left unbuffered, thus leading
to a lower urinary pH.

Evaluation

Serum: ABG and CMP.

Urine: UA/urine culture (UTI from urea-producing organisms can raise urine pH by
metabolism of HCO3 and NH4+), urine lytes (Na, K, CI).

Can also use expanded urine lytes to calculate urinary osmolar gap (Na, Cl, K, BUN,
glucose, osmolality); see discussion below.

Serum potassium

- Hypokalemia: type Il RTA (proximal) or type | RTA (distal).

- Hyperkalemic: type IV RTA (hypoaldosteronism) or type | RTA (distal).

Calculate urine anion gap (UAG):

- UAG is a surrogate for urine NH4+, the unmeasured cation in the urine.

- UAG = UNa + UK - UCI.

- UAG < 0 suggests extrarenal cause of normal anion gap metabolic acidosis. The kidney
is appropriately compensating for the acidosis by secreting NH4 +.

- UAG > 0 suggests renal cause (UAG may be negative in some cases of proximal RTA).

- UAG should not be used if there is excretion of another anion (lactate, DKA anions, etc.)
OR if urine sodium <20 mEq/L (insufficient Na+ delivery to distal tubule does now allow
for H+ exchange required for urinary acidification).

If urine sodium <20 mEq/L, consider calculating urine osmolal gap (UOG) instead.

UOG = 2(UNa +UK) + Uurea/2.8 + Uglucose/18.

UOG <50 is suggestive of RTA.

Treatment

Type | and Il: aggressive K supplementation followed by HCO3 supplementation (initial
HCO3 supplementation can worsen hypokalemia, especially in proximal RTA).

Use NaHCO3 or Na-citrate to replete.

Bicarbonate goals

- Type I: normal serum HCO3.

- Type Il: HCO3 >20 mEq/L.

Note: may also need close monitoring/repletion of calcium and phosphate.

Type IV: treat hyperkalemia.

Restrict dietary potassium, avoid potassium-sparing diuretics.

Use loop diuretics and thiazides for potassium excretion.

Can consider fludrocortisone in severe cases (recommend nephrology consultation before
initiating).

Key Points



Type | Type ll Type IV
Location Distal Proximal Distal
Defect Impaired distal H+ Diminished HCO3 resorption | Aldosterone
secretion or inability deficiency/resistance
to lower urine pH
Urine pH > 5.3 Variable (depending on Usually < 5.3
HCO3 resorptive threshold
and bicarbonate
supplementation)
Plasma K+ Low or normal Low or normal High
Plasma HCO3 Very low (may be < Moderately low (12-20 Usually >15 mEqg/L

10 mEg/L)

mEg/L)

Clinical features

Nephrolithiasis,
nephrocalcinosis

Small stature,
osteodystrophy/osteomalacia

Variable; most
commonly associated
with DM2

Revision #2

Created 25 February 2022 06:20:43 by Katarina Soewono
Updated 21 March 2022 17:56:37 by Tarnpreet Kaur



https://bookstack.samc.stellarhosted.com/uploads/images/gallery/2022-03/image-1647884743295.png

